S4 REMOVAL OF THE SIZING AGENT

2.
Removal of the sizing agent 
Synthetic procedures
Synthesis of XPS-tagged cellulose propionate (CP). 5 g CP (30.8 mmol anhydroglucose unit) was dissolved in dichloromethane and 0.430 mL triethylamine (3.08 mmol) was added to the system. 0.456 mL 4-(trifluoromethyl)benzoyl chloride (3.08 mmol) was slowly added to the dichloromethane solution while the system was cooled using an ice bath. Thereafter, the reaction mixture was warmed to room temperature and allowed to react for 12~16 hours (overnight reaction). The solution was precipitated in large amount of water/methanol mixture (1:1 ratio, 500 mL) and the product was collected using vacuum filtration. The precipitated products were further reprecipitated in water/methanol mixture (1:1 ratio, 500 mL) using acetone as a good solvent, filtrated, and dried in a vacuum oven at 50 °C for 24 h. The resulting product has a DS value of 0.034 in respect to the XPS-tag ( Figure S7 ). FTIR spectrum is shown in Figure S6 .
Tosylation of XPS-tagged cellulose propionate. 2 g XPS-tagged CP (12.34 mmol anhydroglucose unit, DS: 2.79, 0.86 mmol free OH) was dissolved in 100 mL pyridine.
Subsequently, 7 g tosyl chloride (36 mmol) dissolved in 20 mL pyridine was added dropwise to the system within 30 min. The reaction mixture was stirred for 24 h at 8 °C and the product was precipitated in ice water, and washed with ethanol under vacuum filtration. The product was reprecipitated in distilled water using acetone as a solvent and dried in a vacuum oven at 50 °C for 24 h. The product has a DS of 0.147 in respect to the tosyl group ( 1 H-and 13 C-NMR spectra are shown in Figure S8 and S9). FTIR spectrum is shown in Figure S6 . 
S8
SYNTHETIC PROCEDURES 20 mL thionyl chloride, 1 mL DMF (catalyst) and 25 mg functionalized carbon fibre were reacted at 40 °C under argon atmosphere for 6 h. Thereafter, the solvent was decanted and the fibres were washed with dichloromethane several times (100 mL). The fibres were then immersed in 40 mL dichloromethane and 0.1 mL triethylamine (0.73 mmol) was added to the system. Afterwards, 1 g XPS-tagged cellulose propionate dissolved in 40 mL dichloromethane was measured into the vessel. The system was kept at 50 °C under argon atmosphere for 24 h. The functionalized fibres were filtered and washed with dichloromethane, deionized water and acetone, respectively, using a Buchner funnel. After that, the fibres were placed in a vacuum oven for 24 h at 50 °C.
S9 SINGLE FIBRE FRAGMENTATION TEST
4.
Single fibre fragmentation test Figure S2 . Preparation of single fibre composites for the fragmentation test.
Preparation of single fibre composite. The pressing temperature was set to 203 °C, which had been determined by observing the flow characteristics of CP with a Shimadzu CFT-500EX Flowtester (Kyoto, Japan); pressing temperature was chosen to be 10 °C above the offset temperature corresponding to a point when the piston moved 5 mm. Two films were made first from 1 g CP according to the following procedure. CP sample was placed between the clamps of the hot press machine at 203 °C for 7 min using two sheet metals and Kapton polyimide films (for obtaining smooth surface of the film), then it was compressed for 3 min (45 kN pressing load was applied) and the heating was turned off afterwards. The films were removed after the temperature dropped below 193 °C. 3 single carbon fibre filaments were fixed on one film with tapes to ensure that they remain straight during processing. The film containing single fibres was covered with another one and the same pressing procedure was then applied as shown above. Dog-bone shaped specimens (75 mm long) containing one fibre in the middle were cut from the composite film. Figure S3 . Determination of the interfacial shear strength of single fibre composites. 
S10 SINGLE FIBRE FRAGMENTATION TEST
Characterization of cellulose derivatives
14.
Fracture surfaces after the fragmentation test. Single fibre was functionalized as shown below on the structure using electrochemical grafting procedure. 
